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The  comparative behavior  of  the  single  strains  of vaccinia  and  variola 
virus  studied  by us  in  the  mouse  1, 2  following  nasal  instillation  was  quite 
dissimilar.  Vaccinia virus produced  a  systemic disease with  well marked 
symptoms  and  a  moderately  high  mortality,  whereas  variola  virus  was 
largely  innocuous.  The  latter  was  regularly  recoverable,  however,  from 
the  lung  through  the  5th  day  and  sometimes  through  the  7th  day  by 
transfer  to  embryonated  eggs,  and  during  its  brief  residence  commonly 
gave  rise  to  definite  though  rather  inconspicuous  pathological  changes. 
The  experiments  here  reported  were  carried  out  to  determine  whether 
variola  virus  elicited  any  protective  response  during  its  short  period  of 
survival in the lung. 
Mice from a colony maintained at The Rockefeller Institute at Princeton and known 
to be conspicuously free of respiratory tract infections were employed in all of the follow- 
ing tests.  The strain of variola virus was one isolated by us in  1938 and maintained 
thereafter by successive  transfers in embryonated eggs.  2  In culturing the virus 10 day 
hen's eggs were inoculated by the Burnet method and incubated at 37°C. for 72 hours. 
The chorioallantoic membrane was removed aseptically, finely ground, and diluted with 
sufficient  saline  to make approximately a  10 per cent suspension.  Membranes from a 
number of different transfers,  the  97th  through  the  133rd,  were  used at one time or 
another in  carrying out  the  protection tests.  They were bacteriologically sterile and 
when removed on the 3rd day showed  a typical reaction.  Young mice weighing  15 to 
20 gm. were etherized and infected by holding the nose for several seconds in the mem- 
brane suspension.  On recovery from the anesthesia they were divided into groups of 
15  and  maintained  under  strict  quarantine  in  an  isolation  unit.  A  few non-specific 
deaths occurred during the first week, but most of the mice were unaffected by the pro- 
cedure and gained weight normally. 
i Nelson, J. B., J. Exp. Med., 1938, 68, 401. 
Nelson, J. B., J. Exp. Med., 1939, 70,  107. 
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One mouse from each group was killed on the 5th day following nasal instillation of 
the virus and autopsied.  The lung was removed aseptically and examined under a low 
power microscope (6 ×).  It was finely ground with a small amount of saline in a glass 
tissue grinder and sufficient diluent added to make roughly a  10 per cent suspension. 
Two  10  day embryonated eggs  were  inoculated with  small, unmeasured amounts of 
each suspension and examined 3 days later.  At autopsy the lungs of these mice showed 
a characteristic reaction and contained sufficient virus to produce lesions on the chorio- 
allantois of the inoculated eggs.  Mice after they were given a second nasal instillation 
of variola virus were  examined in the same way.  A small piece of lung was removed 
for histological examination from some of the animals. 
A few mice originally infected with variola were subsequently tested with vaccinia 
virus.  The strain employed came originally from the New York City Board of Health 
and had been maintained for several years in an egg  membrane suspension.  All of 
these mice were  infected intranasaUy with the third egg  transfer of this strain.  The 
same general technique was followed in carrying out the tests. 
The Survival of Variola Virus in the Lungs of Mice Previously Infected 
with the Homologous Virus 
Mice which had previously received a  single nasal instillation of variola virus were 
reinfected by the same route after intervals of 7 to 27 weeks  and killed 1 day, 3 days, 
and 5 days later.  Normal mice of approximately the same age were included in each 
test  as  a  control on the  activity of  the  particular virus suspension employed.  The 
results of these experiments are summarized in Tables I  to IV. 
Three of the 5 mice killed on the  1st day after reinfection showed no macroscopic 
pulmonary reaction, while the lungs of 2 contained small translucent areas visible only 
by low magnification.  Variola virus was demonstrable in each of the 5 lung suspensions 
on inoculation  in embryonated eggs.  Judged by the number of loci in the chorioallantois 
the virus titer of only one suspension was significantly low.  The mice in this experi- 
ment were reinfected 20 weeks after the primary nasal instillation. 
Two mice of normal susceptibility were  also killed 24  hours after  they had  been 
infected with  variola.  The  lungs of  both  animals contained the  specific  virus, but 
only one showed a single small area of reaction. 
Each of the 5 mice killed on the 3rd day after reinfection showed pulmonary changes, 
which varied from patchy discrete areas of abnormal opacity to involvement  of one-third 
or more of several lobes.  These mice were reinfected approximately 20  weeks  after 
the initial introduction of virus.  The pulmonary reaction was comparable to that of 
2 normal mice injected with the same virus and killed 3 days later.  Virus was present 
in the lungs of the 5 reinfected mice but in comparison with the mice of normal sus- 
ceptibility and with similar ones previously killed on the 3rd day its titer was somewhat 
reduced.  There was a marked reduction, however, in only one lung, the suspension of 
which produced 5 and 9 loci, respectively, in the chorioallantoic membranes of 2 em- 
bryonated eggs.  Discrete loci varying from 25 to 100 were present in the egg membranes 
inoculated with the other 4 lung suspensions.  The chorioallantoic foci produced by the 
lung suspensions from  the  normal mice were  either too  numerous to  count or were 
semiconfluent. 
Twenty-five mice were killed on the 5th day after reinfection with variola virus, the JOHN  B.  NELSON  655 
interval between injections varying from 7 to 28 weeks.  All of the animals in this group 
showed a  moderate to a  pronounced pulmonary reaction which was not significantly 
different macroscopically from that at 3 days.  The lung suspensions from 21 of these 
mice were free of virus, no foci being produced on the chorioallantois of inoculated eggs. 
A  second  transfer was  made from  several of  the  membranes, with negative results. 
Three of the lung suspensions contained specific virus but in significantly low concen- 
TABLE  I 
The Examination  of Recovered and Normally  Susceptible Mice One Day after Nasal 
Instillation  of Variola Virus 
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* The symbols used are merely indicative of the degree of involvement. 
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tration, the inoculated egg membranes showing 3, 5, and 12 discrete foci, respectively. 
These 3 lung suspensions were from mice inoculated 21  to 27 weeks  after the primary 
nasal instillation of virus. 
The sample of variola virus recovered on the 5th day from the lung of one of the rein- 
fected mice (No.  21  in Table III) was carried through 3  subsequent egg  transfers at 
intervals of 3 days.  The chorioallantois from the original transfer contained 3 discrete 
foci, whereas  the membranes from the later passages all showed the extensive confluent 656  POX  VIRUSES  IN  RESPIRATORY  TRACT.  III 
thickening characteristic of a  high concentration of the specific virus."  There was no 
involvement of the embryo in any of the inoculated eggs.  If the virus had undergone 
any modification as a  result of its 5 day residence in the lung of a  recovered mouse it 
was not demonstrable by the egg technique. 
Lung sections were examined from 10 of the mice killed on the 5th day after rein- 
fection.  The only observed difference in  the histopathology of these lungs and  those 
TABLE  III 
The  Examination  of Recovered Mice 5 Days  after Nasal Instillation  of Variola  Virus 
Mouse No.  Interval between  injections  Pulmonary reaction  Chorioallantoic  reaction 
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TABLE  IV 
The Examination  of Normally Susceptible Mice 5 Days after Nasal Instillation  of 
Variola Virus 
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from mice which had not been previously infected was a  quantitative one, the cellular 
reaction appearing to be more extensive.  All of the sections from the reinfected mice 
showed  wide  cellular  cuffs,  composed  chiefly of  lymphocytes  and  mononuclear  cells 
together  with  an  occasional  leucocyte,  around  blood  vessels  or  in  association  with 
bronchioles.  An increase in the number of mononuclear cells lying free in the alveolar 
spaces was also apparent.  A characteristic picture of this cellular infiltration is shown 
in Fig. 5. 
Ten  normal  mice  injected  intranasaUy  with  the  same  egg  membrane  passage  of 
variola virus were also killed on the 5th day.  Nine of these mice showed a pulmonary JOtt-N" B.  N]~L~ON  657 
reaction indistinguishable macroscopically from  that  of the  reinfected animals.  The 
lung of one mouse was normal.  All of the lung suspensions contained virus, the titer 
varying considerably from mouse to mouse.  The chorioallantoic foci in eggs inoculated 
from 3 of the suspensions were too numerous to count.  Seven of the membranes con- 
tained well spaced discrete loci which varied in number from 20 to 125. 
The appearance of the chorioallantoic membrane of eggs inoculated with lung sus- 
pensions from recovered and normal mice killed on the 5th day after nasal instillation 
of variola virus is shown in Figs. 1 and 2. 
The Survival  of Vaccinia  Virus in the Respiratory  Tract of Mice Previously 
Infected with Variola Virus 
Six mice which had  previously received a  single nasal instillation of variola virus 
were  infected intranasally 24  weeks  later  with  vaccinia virus.  After an  incubation 
period of 3 days all of the mice showed symptoms of the systemic disease produced in 
mice by vaccinia on introduction into the upper respiratory tract.  Unless disturbed, 
the mice huddled together at  one end  of the cage.  There was  a  progressive loss of 
weight accompanied by weakness and an unkempt appearance.  On the 5th day 3 of 
the mice began to chatter intermittently.  One mouse was killed and autopsied at this 
time.  The nasal passages were normal and elementary bodies were not demonstrable 
by  the  silver impregnation method  of  Morosow.  The  lung,  however,  was  involved, 
3  lobes  showing  an  extensive  reaction  and  containing  virus.  The  concentration  of 
virus was low, as only 10 discrete and widely separated loci were produced on the chorio- 
aUantois of an inoculated fertile egg.  The 5 remaining mice were kept under observation 
until the  8th  day when  they were killed and  autopsied.  At this time they were all 
fairly normal in appearance and had begun  to regain weight.  There was a moderate 
macroscopic reaction in each of the 5 lungs but only one contained virus.  The virus 
titer of this one suspension was very low, producing only 3 loci on egg inoculation. 
Six normal mice of approximately the  same age were  infected intranasally at  the 
same  time  with  the  same  suspension  of vaccinia virus.  Judged  by  the  behavior of 
these mice up to the 5th day, their response was similar to that of the mice previously 
infected with variola virus.  One mouse was sacrificed at this time.  At autopsy there 
was a  definite rhinitis with demonstrable elementary bodies and a  moderate reaction 
in the lung which contained a high concentration of virus, sufficient to produce a  wide 
oval area of necrosis in the chorioallantois of an inoculated egg and to kill the embryo. 
The condition of the 5 remaining mice became progressively worse and was terminated 
by death on the 6th day.  Egg inoculations were not made from the lungs of these mice 
but all of them showed an extensive involvement. 
Five additional mice infected with  vaccinia virus 20  weeks after  the initial nasal 
instillation of variola virus were killed on the 5th day and examined.  Characteristic 
symptoms were  apparent beginning on  the 3rd day.  At autopsy the nasal passages 
were normal and elementary bodies were not demonstrable.  All of the mice showed a 
typical involvement of the  lung from which  the specific virus was  recovered by the 
inoculation of embryonated eggs.  The  virus  titer of  the  lung  suspensions  was  low. 
Three  of the suspensions produced discrete foci which numbered  3,  50,  and  100,  re- 
spectively.  Two of them produced isolated groups of coalesced loci.  The embryos of 
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Five normal mice, the survivors of a group of 10 infected with the same egg transfer 
of vaccinia virus but a different suspension from that employed in the above experiment, 
were also killed on the 5th day.  At autopsy these mice showed a specific rhinitis and a 
characteristic pulmonary involvement.  The reaction in embryonated eggs inoculated 
with the lung suspensions  indicated a high titer of virus.  All of the suspensions  pro- 
duced a wide confluent  area of hyperplasia and necrosis in the chorioaUantois  and 4 of 
them resulted in death of the embryo on the 3rd day. 
Vaccinia  virus reisolated from the lung of a mouse originally infected with variola 
and later with vaccinia was carried through two additional  transfers in embryonated 
eggs.  The initial inoculation, made directly from the lung, had no effect on the embryo 
and produced only 3 small discrete foci  in  the chorioallantoic membrane.  With  the 
two subsequent transfers the embryos were killed on the 3rd day and large oval areas 
of reaction were produced in  the membrane.  With  respect to its behavior in fertile 
eggs there was no indication that the virus was affected by its 5 day residence  in the 
lung of a mouse recovered from a previous infection with variola. 
A total of 36 normal mice were infected with vaccinia by the nasal route as controls 
for the protection tests.  Twenty-four of these mice died on the 3rd to the 8th day follow- 
ing nasal instillation of the virus.  The mortality rate of 66 per cent is in close agree- 
ment with that reported in our earlier experiments on vaccinial infection following nasal 
inhalation, namely 72 per cent. 1 
The reaction produced  in  the  chorioallantois of eggs  by vaccinia virus present in 
lungs removed on the 5th day from normally susceptible mice and from mice which had 
recovered from a previous infection with variola is shown in Figs. 3 and 4, 
DISCUSSION 
The  preceding  observations  indicate  that  the  survival  of variola  virus 
in the lung of the mouse is influenced by recovery from a previous infection. 
In normally susceptible mice the virus is usually demonstrable in the lung 
through the  5th  day and occasionally  through  the  7th  day.  In recovered 
mice  there  was  no  significant  change  in  the  amount  of  virus  recovered 
from the lung 24 hours after nasal instillation,  but by the 3rd day the titer 
was noticeably reduced and on the  5th day the lung was usually virus-free. 
In mice of normal susceptibility  variola virus produces a  transient pul- 
monary  reaction  which  is  characterized  chiefly  by  an  accumulation  of 
lymphocytes  and  mononuclear  cells.  It is  presumably  a  defense mecha- 
nism in  part, directed against  removal or  limitation  of  the  virus.  In  re- 
infected mice the macroscopic pulmonary changes  were similar through the 
5th  day,  but microscopically a  somewhat more extensive cellular reaction 
was noted.  In these mice the earlier sterilization of the lung in respect to 
the  specific virus  may  be  brought  about  by  the  combined  action  of  the 
mobilized  phagocytic  cells  and  some  protective  by-product  of  the  initial 
infection. 
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also influenced by a  previous infection with variola.  The nasal instilla- 
tion of vaccinia virus in normally susceptible mice is followed by a  local 
multiplication leading to a  systemic disease which may terminate fatally. 
The lungs of mice which live through the 5th day contain a high titer of 
the specific virus.  In mice which had recovered from an earlier infection 
with  variola  the usual  symptoms of  the vaccinial reaction were present 
but they did not progress and by the 5th day the titer of virus in the lung 
was markedly reduced.  Actual sterilization as in the case of variola was 
not  effected.  This  incomplete action  against  vaccinia  is  in  agreement 
with earlier observations in the monkey which indicated that variola virus 
produced only partial protection against vaccinia.  ~, 3 
Variola virus being inactive in the mouse outside the lung, there was no 
indication from the experimental observations whether the defense mech- 
anism operative against it in previously infected animals was purely local 
or the local response of a general reaction.  Following nasal instillation in 
normally susceptible animals,  vaccinia  virus is  also  active  in  or  on  the 
mucous membrane  of  the  upper  air  passages.  Since  the mice  infected 
with vaccinia virus after recovery from variola showed no evidence of a 
specific rhinitis, it may be presumed that the defense reaction is generalized 
and attributable in part to a circulating antibody. 
SUMMARY 
Recovery  from  the  transient  pulmonary  reaction  which  accompanies 
the nasal instillation of variola virus in mice was followed by a measurable 
protection against the homologous virus and also against vaccinia. 
Variola virus which regularly survived in the lung of normally suscepti- 
ble mice through the 5th day was noticeably reduced in titer on the 3rd 
day in the lung of recovered animals, and usually eliminated by the 5th day. 
Vaccinia  virus produced  a  less  severe  systemic  reaction  in  recovered 
mice and its fiter in the lung was significantly reduced on the 5th day. 
The residence of both viruses in the lung of recovered mice was attended 
by pathological changes, visible macroscopically. 
8 Gordon, M.  G., Great Britain  Med. Research Council, Special Rep. Series, No. 98, 
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EXPLANATION OF PLATE 30 
The unenlarged chorioallantois of embryonated eggs inoculated with the following 
lung suspensions from mice killed on the 5th day. 
Fro. 1.  Recovered mouse  reinfected with  variola virus,  the  membrane  showing  3 
discrete foci. 
FxG. 2.  Normally susceptible mouse infected with variola virus. 
FIG. 3.  Recovered mouse infected with vaccinia virus. 
Fro. 4.  Normally susceptible mouse  infected with  vaccinia  virus,  the  membrane 
showing a wide area of confluent foci. 
FIG. 5.  Cenular infiltration in alveoli and around vessels in lung of a recovered mouse 
reinfected with variola and killed on the 5th day.  Phloxin-methylene blue.  X  46. THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL. 71  PLATE 30 
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